The coaxial cone to rod electrode system was devised to generate a powerful electrohydrodynamic (EHD) liquid jet and the performance as a liquid pump was investigated using an isothermal weakly conducting liquid: 2,3-Dihydrodecafluoropentene (HFC43-10). Figure 1 shows the schematic of electrode system designed in this study. The outer electrode was of an alminium conical type with the length L and the cone angle θ, which was electrically grounded. The angle θ was changed in the three kinds of 40°, 60° and 90°. The glass tube fitted in the inside of an aluminium cylinder was installed as one in the top of conical cylinder. This glass tube operates as an outlet of the liquid jet. The inner electrode was made of the stainless steel rod with 1.5 mm in diameter and was fixed on the central axis of the conical cylinder as high voltage electrode. The rod electrode surface was coating by a thin solid insulator except for a certain bare distance L 0 which can be changed variously in the range of 0 to 30 mm (where L 0 =30 mm means no coating). After immersing the electrode system in the working liquid, when a positive dc voltage V 0 was applied to the rod electrode, the liquid spouted powerfully from the glass tube outlet. In this study, EHD pumping ability was examined by measuring the pumping pressure P E , flow velociy U and flow pattern, for the electrode systems with different θ and L 0 . The conduction current I was measured to estimate an electric power consumption level for the electrode systems generating the liquid jet. The potential distribution between the electrodes also was measured to consider the pumping mechanism.
Ryoichi Hanaoka Member (Kanazawa Institute of Technology) Naoki Hosodani Member (Toshiba Co., Ltd.) Ichiro Takahashi Student Member (Kanazawa Institute of Technology) Shinzo Takata Member (Kanazawa Institute of Technology) Tadashi Fukami Member (Kanazawa Institute of Technology) Keywords : electrohydrodynamics, liquid pumping, liquid jet, conical electrode system, HFC43-10, dc high voltage
The coaxial cone to rod electrode system was devised to generate a powerful electrohydrodynamic (EHD) liquid jet and the performance as a liquid pump was investigated using an isothermal weakly conducting liquid: 2,3-Dihydrodecafluoropentene (HFC43-10). Figure 1 shows the schematic of electrode system designed in this study. The outer electrode was of an alminium conical type with the length L and the cone angle θ, which was electrically grounded. The angle θ was changed in the three kinds of 40°, 60° and 90°. The glass tube fitted in the inside of an aluminium cylinder was installed as one in the top of conical cylinder. This glass tube operates as an outlet of the liquid jet. The inner electrode was made of the stainless steel rod with 1.5 mm in diameter and was fixed on the central axis of the conical cylinder as high voltage electrode. The rod electrode surface was coating by a thin solid insulator except for a certain bare distance L 0 which can be changed variously in the range of 0 to 30 mm (where L 0 =30 mm means no coating). After immersing the electrode system in the working liquid, when a positive dc voltage V 0 was applied to the rod electrode, the liquid spouted powerfully from the glass tube outlet. In this study, EHD pumping ability was examined by measuring the pumping pressure P E , flow velociy U and flow pattern, for the electrode systems with different θ and L 0 . The conduction current I was measured to estimate an electric power consumption level for the electrode systems generating the liquid jet. The potential distribution between the electrodes also was measured to consider the pumping mechanism.
The important results obtained from this study are as follows. The P E showed nearly a quadratic dependence on V 0 and the U exhibited a linear dependence on V 0 , for the electrode systems with and without the coating of the rod electrode surface. These dependences were almost independent of the angle θ. The coating of the rod electrode, however, led to the increase of P E as well as U and the decrease of I compared to those without the coating under a constant applied voltage. That is, in the case of L 0 =5 mm, the P E value was larger ~1.5 times than that of no coating as shown in Fig. 2 , and the maximum pumping pressure achieved to ~4.5 kPa at V 0 =16 kV by the effect of rod electrode coating. The I value decreased to ~1/1.7 of that in no coating case, so that the maximum power consumption was controlled to ~0.22 W.
It is analyzed that this EHD pumping is due to the mechnism of pure conduction pumping. This comes from the accumulation of ionic charges near the rod electrode which is confiremed from the experimental potential distributions. Fig. 3 shows the typical potential distribution between electrodes for the electrode systems with and without the rod surface coating. It is obvious that there exists the electric field reinforced by an accumulation of heterocharges near the electrodes. A reinforceble effect of electric field appeares remarkably near the positive electrode and its effect increases slightly by the rod surface coating. It is shown that the experimental values of P E are consistent with the theoretical prediction, but the experimental U values become smaller approximately 0.58~0.65 times than the theoretical ones because of the presence of some loss coefficients on the flow. The coaxial cone to rod electrode system was devised to generate a powerful electrohydrodynamic (EHD) liquid jet and the performance as a liquid pump was investigated using an isothermal weakly conducting liquid, HFC43-10. When a positive dc voltage was applied to the rod electrode, the liquid spouted forcibly from the glass tube outlet installed in the top of grounded conical electrode. The properties of liquid jet: pumping pressure, flow velocity and flow pattern were examined for the electrode systems with various cone angles (θ =40°~90°) of the conical electrode. The potential distribution in the electrode gap and the conduction current also were measured as a function of applied voltage. In this paper, it is shown that the pumping pressure is almost independent of the cone angle of electrode systems as well as the flow velocity, but is raised effectively by a partial insulating coating of rod electrode surface and the current is reduced by a coating. The potential distribution in the gap revealed the existence of heterocharge layer in the vicinity of the electrode surfaces. It is considered that the EHD pumping in this study is attributed to a space charge layer with single ionic polarity near the rod electrode, which is formed by a non-uniform electric field.
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